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(57) Abstract 

A patient monitoring apparatus (100) including a 
coTTrniunirarTon network provides coU e cti on and dis play 
of data signals collecte d from a medical p aneDrT"The 
apparatus comprises a t^ teble^nqn^^lflgli coupled to 
a plurality of data acquisition modules , which are in turn 
coupled to sensors . The data acquisition modules include 
cartridges (160, 162), which mount on the portable 
monitor, and independently positionable pods (150-158). 
The pods reduce ^^^^^of'^^^S^dm$betwten 
the patient's bed and the rx mablc moni tor by combining 
signals~from many sensors into "a single output signal 

for tranqmiegtrm In rffl! mnmitrtr The portable monitor 

(102) includes: a display d e^ceXlCft) for displaying the 
patient data, and storape"(i06) for the patient data. The 
portable monitor receives power from a docking station 
(Hg^and transfers data to the network by way of the 
docking station. 



120 



1. 



BEDSIDE 
DISPLAY 



' HOMUCD 



TV_ 



MICRO LAN 
VGA VIOEQ 
POKER 
— TV VIDEO 
112 
114 
116 




RECORDS* 



1 DOCKINS STATION 
125— — | 



RAH 

card 



ly-106 



126 

\ } h^!27 170 172 H 
1 MVP (21 



DISPLAY 




BNSDOCID: <WO 9413198A1_L> 



<■ ::.D, 



- f 



P 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify. States party to the PCT on the front pages of pamphlets publishing international 
appli c a t ions tinder the PCT. 



AT 


Austria 


GB 


United Kingdom 


MR 




AD 
BB 
BE 


Asatrafia; 
Barbados 
BdgUun 


ge 

GN 

; GR 


Georgia 
Games 


MW 
NE 
NL 


Malawi 
Niger 

Nemerlandi 


BF 


Buztma Faso 


HD 


Hungary 


NO 


Norway 


, r . BG 


Bulgaria 


' DS 




NZ 


New Zealand 


BJ 


Bean 


IT 


Italy 


PL 


Poland 


BR 


Brazil^ J * 


JP . 


Japan 


FT 


Portugal 


BY 


Bctirue 


KB 


Kenya 


RO 


Romania 


c. .CA 


Canada 


KG 


Kyigyatan " ' ■ 


RD 


Ruffian Federation 


CF 


Central African Republic 
Congo 1 ' 


• KP 


Democratic People's Republic 


SD 


Sedan 


OG 




of Korea 


SE 


Sweden 


ca 


Switzerland 


KR 


Republic of Korea 


51 


Slovenia 


a 


. Cote (TlvoSre - 


. KZ 


SK 


Slovakia 


CM 


Gitnuuou 


LI 




SN 


Senegal 


CN 


China 


LK 


SriLaata 


TD 


Chad 


cs 


Czecbodovikia 


ur 




TG 


Togo 


rv cz 


. Graft Rcpubtts 


LV 


Latvia 


TJ 


Tajikistan 


DE 


Germany 


MC 


Monaco 


TT 


Tttnidsd and Tobago 


DK 


Denmark 


MD 


Republic of Moldova 


DA 


Ukraine 


E5 


Spate 


MG 


Madagaacar 


D5 


United State* of America 


n 


Inland 


ML 


MaB 


DZ 


Uzbekistan 


FR 


Prance 


MN 


Mongolia 


VN 


Viet Ham 


GA 


Gaboo 











BNSOOCID: <WO 9413198A1 I > 



WO 94/13198 



PCT/US93/11712 



1 

TRANS PORTABLE MODULAR PATIENT MONITOR 

Field of the invention 

5 The present invention relates to medical 

systems and in particular to patient monitoring systems 
for collecting, storing and displaying medical data. 

BACKGROUND OF THE INVENTION 

10 

In hospitals and other health care 
environments, it is often necessary to continually 
collect and analyze a variety of medical data from a 
patient- These data may include electrocardiogram 
15 signals, body temperature, blood pressure, respiration, 
pulse and other parameters. 

Monitoring systems in the related art have 
typically fallen into one of two general categories: 

2 0 multi-function monitoring, recording and displaying 
systems which process and collect all of the data 
desired, but are bulky and difficult to transport; and 
small, portable systems which are easy to transport, but 
'• process and collect fewer 'types of data and have limited 

25 storage capability. Initially (e.g., in an ambulance or 
an emergency room) a patient is connected to a simple, 
portable -monitor to observe a limited number of medical 
attributes, such as EKG or non-invasive blood pressure. 
As the patient moves to higher care facilities (e.g., an 

30 intensive care unit or operating room) it is desirable to 
augment these simple monitors to observe additional 
parameters. Generally, this is accomplished by 
disconnecting the patient from the simple monitor and 
connecting the patient to : a monitoring system having more 

35 robust capabilities. . 1 
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The need for continuity of data collection and 
display is, most pressing in emergency situations. 
Hospital personnel, want to monitor additional parameters, 
change the selection of parameters viewed, or retrieve 
5 additional data from the patient's history. At the same 
time, the patient may have to move to a different care 
... vunit.* During an emergency, the speed at which a patient 
is transferred from a bed to an operating room or 
-» -intensive car!§ unit may substantially impact the 
10 patient \s ; chajice of survival: , .Hospital personnel need to 
be abl<e to guickly add functionality and go. 

Two major considerations in the design of 
monitoring systems have been ease and speed of system 
tr 15 ^reconfiguration. It is particularly undesirable to 

connect sensors to a patient or disconnect them 
r ■■ immediately prior to transportation or administration of 
critical procedures. U.S.. Patent Nos. 4,715,385 and 
4,895,385 to Cudahy et al. discuss a monitoring system 
; 20 which includes a, fixed location display unit and a 
portable display unit. A digital acquisition and 
processing module (DAPM) receives data from sensors 
attached to the patient and provides the data to either 
Y or both of the fixed and portable display units. 
?5 Normally, . the DAPM is inserted; into a bedside display 
unit . located near the. patient 1 s bed. When it is 
: necessary ; to reconfigure the system for transporting the 
patient, the DAPM is connected to the portable display 
> and .then: disconnected from the bedside display. The DAPM 
r-30 remains attached to the patient during this 

reconfiguration step and during patient transport, 
eliminating the need to reconnect the patient to 
intrusive devices. Once the DAPM is disconnected from 
the -bedside display, a transportable monitoring system is 
35, formed, "comprising the portable display and DAPM. 
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Besides the time delays which may be 
encountered when adding sensors to the monitor 
configuration, systems in the prior art also leave much 
to be desired with respect to cable management. A large 
5 number of cables extend between the patient and the 

monitor/ In the past, there has been at least one cable 
- added for each parameter monitored. For example, there 

' may be' five cables 'for EKG; two for cardiac output, two 
•for "temperature/ plus four hoses for measuring blood 

10 " pressure : using invasive sensors. This array of cables 
and hoses interferes with the movement of personnel 
around the patient's bed. The greater the number of 
cables and hoses, the greater the risk that someone will 
accidentally disrupt one of them. This has been a common 

15 problela in previous systems from several vendors . 

Furthermore, the digital acquisition and 
* processing module of the - Cudahy et al. system has a fixed 
parameter corif iguration> and if the parameter 
20 requirements change due to a change in condition of the 
patient, the digital acquisition and processing module 
must be disconnected and a different module including the 
new parameters which are required to be monitored must be 
1 connected. This process is not only time consuming, due 
-25 to the reconnect ion of the sensors and cables between the 
'-- patient and the module, " but also destructive of data 
since patient data acquired in the first processing 
module is lost when ^ it is disconnected and is not 
transferred to ~th£ : subsequent processing module. 
30 Furthermore, thfe processing module of Cudahy et al. is 
* • " . extremely bulky and difficult to position near a patient. 
In order to use the fixed display to observe data from 
5 the DAPM, the DAPM must be inserted into the fixed 
display. And furthermore; the processing module of 
35 Cudahy et al. "requires extensive cabling to the different 
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. patient sensors, which further adds to the complexity and 
setup time of the system. 

Additional simplification of the steps 
5 performed to reconfigure the system is also desirable in 
order to reduce the time to prepare the patient and 
monitoring system for transportation to an operating room 
. or intensive; care unit. 

10 SUMMARY OF THE INVENTION 

, : - r The presents invention is embodied in patient 
monitoring apparatus for display on a display device of 
patient data. The apparatus is adapted for use in a 
vrlS system which includes a plurality of sensors. The data 
are . collected from a medical * patient using the plurality 
of sensors. v 



The apparatus includes a docking station. 



20 



At least one data acquisition module 
x . selectively communicates with the plurality of sensors . 
The data acquisition module is adapted for collecting 
patient data from the sensors and transmitting digital 
25 data produced from the patient data. 

A portable monitor is detachably coupled to the 
data /acquisition module for receiving the digital data 
. and storing- the- digital data-. The portable monitor is 
30 detachably coupled to the docking station. The portable 
monitor receives power from the docking station and 
transmits data to the docking station. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure la is a block diagram of an exemplary 
patient monitoring system in accordance with the 
5 invention. - 

< Figure lb is- ah isometric view of the patient 
monitoring system shown in Figure la, 
10 --..X : > ' 1 \ :,. • 

Figure 2 is a block diagram of a printed 
' circuit board within the patient monitoring system shown 

in Figure la-".-' I • v - 

15 Figure 3 is a block diagram of a printed 

circuit- board within the patient monitoring system shown 
in Figure la. 

Figure 4 is a block diagram of a data 
20 acquisition pod shown in Figure la. 

Figure 5 is an isometric view of a cartridge 
shown in' Figure la. 

25' - "Figure 6 is an isometric view of the docking 

station shown in Figure la, 

iPigure 7~ is a : flow diagram of the memory update 
process used in the "system shown in Figure la. 

- ' 30 ■'■ "■ ' ' : v.: : :.■ . . 
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DESCRIPTION OF THE EXEMPLARY EMBODIMENT 
: OVERVIEW 

5 An exemplary portable monitor assembly 100 in 

accordance with :the present invent ion is, shown in Figure 
la. A . portabie--itrawb4^Kuaa2 is ^etachablyco^^d to and 
acquires ^physiological datA-sl onals fronts plurality of 
data acquisition modules. . The .data acquisition modules 
10 include data* acquisition pods 150, o 152, 154, 155, 156 and 
158. and data acquisition cartridges 160 and 162. The pod 
basically combines the patient data into a single output 
signal, whereas the cartridges combine patient data and 
may also include signal processing and sensor support 
15 devices. The pods 150-158 are advantageously small, and 
may be -placed in a\ variety of locations, providing a high 
- degree of flexibility to medical personnel. The, pods 
150-158. provide cable management capability because each 
pod is connected to monitor 102 by, at most, one cable, 
20 regardless of how many sensors are.: coupled to the pod. 
The pods 150-158 and cartridges 160 and 162 may be 
attached, to both invasive and non- invasive sensors (not 
: shown) for collecting physiological data from a patient. 
As used herein, the detachable coupling of the data 
25 acquisition modules, and in particular for pods 150-156, 
is intended to include any manner of communicating the 
J acquired data signals to monitor 102, such as a wireless 
5 communication link., ' ' 



30 , * : i . Many prior art systems required insertion of 
. the cartridges ^modules) into a bulky box or into a 
. display. - The data acquisition ,pods in the present 
invention: are sta ndalo ne (self-rcontained) devices. In 
addition, the v connect direct ly^Jto^^as e 103 of th e 
35 portabl e monitor 102 . There is no need to insert the 

pods into a bulky box or intc a display unit, to display 
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data. As a result the monitor-^^j^co^f-i^nxatxcm'^ne-ed not 
be changed to tra nsport the pati ent. No additional 
connections need^ bT estabriSfie^ between the monitor and 
the pods, and no connections need be detached. 

• 5 ■ > 

Pods -150V158 and cartridges 160 and 162 may be 
connected to portable .^monitor 102 independently of one 
another; To add function :to the monitoring system for a 
-higher level of rare, : ;an . additional pod 150-158 or 
10 cartridge 160 or 162 may be added without affecting any 
-others modules that are 'already coupled to monitor 

: 102. : There is'« nd Heed to reconfigure the entire system 
to add a module. 

■15' <- * ■ : 

> Pods 150-4*58 are independently positionable, 
both from one another, "and from monitor 102. In 
accordance with the present invention, pods 150-158 may 
be placed in any convenient location close to the 
20 patient.' Each pod may be ^placed at a different location 
<-■*■■■ if desired, to miriimize the leriigths of the cables and 
hoses- connecting the pktient to the respective pods. 
—Alternatively, the pods may be collocated, so that all of 
the cables and hoses are 'confined to a single region. 
25 Either Method enhances cable, management. 

Tfte : portable monitor 102 displays the 
physiological data arid; inoludes means for detachably 
mounting data acquisition cartridges, which may include a 

30 Non -Inv asive Blood y Pressure (NIBP) cartridge 160 and/ or 
an e nd-tidal car tridge 162 (for measuri ng airway carbo n 
dioxide) . A th ree channel ^recorder 1.64 * and a battery 
paciT"l66 may also be de tarchably connesfced to portable 
monitor 102. Each device 160-166 is configured to 

35 provide both electrical and mechanical couplings when the 
device is mounted >oh the monitor 102. Each cartridge 160 
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u .. . : and 162 : and recorder 166 provide their own return 

circuits with 5000 volts isolation from the portable 
monitor ground, to prevent current flow from the patient 
to earth ground by way: of the cartridge and monitor 102. 
5 The portable monitor 102 has, a user-accessible slot for 

■ . one random access memory card; (or RAM card) 106 which 
,r\ * a 1 lowa-gQasyrPBSBgya i '- ? ai i d -storage— of-~na tien:fc- -dat a , such as 
^ |/T51 ^ The memory 

card may also, -be used to transfer replacement software 
10 instructions to the portable monitor. 



15 




;20 



Each pod 15 0rl58 receives analog data signals 
from a plurality of sensors, and combines the data from 
the plurality of sensors into a combined analog data 
signal. The combined analog data signal is then 
converted to a digital o utput chann el which is coupled to 
portable. monitor . 102. / By channeling patient data signals 
from many sensors into a single cable for transfer to 
monitor 102, the desired cable management is achieved. 
- F gr, e xample, if pod 150 is l ocated a j ^ jr °n tht bej) the 
number of cables between the bed and monitor 102 is 
reduced from eight to one. 



25 * A base EKG.pod 150 provides connections for a 

five electrode ^7~Tead) EKG, one connection for a puls e 
r oximetry: (Sp0 2 ) . sensor, and two multifunction recegtacles 
r f or measuring temperature; impedance respiration and/or 
cardiac ^output. 

30 . ,-7rr"- • ■ . - ■ , 

. c, . in the exemplary embodiment, two special 
. purpose pods- are available as alternatives to pod 150. A 
diagnostic pod 156 accepts data from the same sensors as 
' : base pod 150, and also has five extra leads which may be 
35 used f or EEG or for a 12 lead EKG. A neonatal pod 158 
has input terminals for the same types of data as 
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diagnostic pod 156, plus an additional terminal for a 
transcutaneous oxygen or carbon dioxide sensor* Pod 152 



no 



25 




includes channels for mounting fo ur jo ressure^ transducers 
and two additional temperature sensors. Alternatively** 
Pod 154 may be used to collect data from two pressure 
transducers.* Catheter Pod 155 provides ox ime t r y ^ d a ta 
( Sv0 2 ) . Further J>6ds performing different functions may 
optionally be added ahd^ would be understood by those 
• skilled in the e±ti *i « 

In accordance with one aspect of the invention, 
portable monitor 102 is (| e^chab l^ c oup 1 e d^_t o_ doc king 
stat ion^ 1 10 which may be positiojved n ear the patient ' s 
^bed^ (e.g. , on the bed., a rail /^^wjJJ,,^an 
intravenous pole or a£shelf ) >• In accordance with another 
aspect of the invention, portable monitor 102 and docking 

Monitoring 



station 110 provide ipomplementar^, services . 
devices which attach, to the patient 1 s body or are 

t ranspo rted with the. . patient^ are coupled to the p o rtabl e 

monitor 102 ; whereas devices and services which are fixed 
i in the room or are to -be : mad e; continuously available in 
the room are coupled, to the ^^cki nj s^tToi!^ 

The docking station 110 provides portable 
monitor 102 with: a full suite of power and communications 
services These services allow portable monitor 102 to 
perform functions previously performed primarily through 
the use of large; fixed: monitoring systems. At the same 
time, the simple connection between the docking station 
110 and monitor 102 allows rapid d isconnection of mon itor 
102 for trans porting the^ p a tient » The user merely picks 
up monitor 102 from docking station 110 to prepare 
monitor 102 for transport,*; Docking station 110 lfecnargjes 




35 



the batter y of monitor 10 2 while the monitor is 
-docking station, ; so \that; in most instances, it is not 
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even ^cessa^Jbo instal l a battery pack to transport the 

j Docking station 110 provides mechanical support 

for mounting the portable monitor 102, as well as 
el ectrical couplings to a r emo t e display^ devic e 120 
(typ ically a{lfe eg§ ide dispTafrT T power 114 , large displa y 
l?2>_and tel evision^d isplay, 124. Remote display device 
120 may^bs a fu lly. functioning monito r including 
10 process ing . and displ av , r f unc dfcipns ,_or iust _ a„slave^ display 



receiving signals from the do cXinj g^station ^ f o^jlisp la^ 
DocFinV Station 110 can also communicate with several 
local, area networks (LANs) . ■ Docking station 110 provides 
a simple mechanism .to^coBnect portable monitor 102 with 
15 several devices and networks without the need to connect 
individual cables* Data and power connectors on docking 
/station 110 and on the case 103 of portable monitor 102 
/ allow physical and electrical connections to be 
. ( established concurrently* Although docking station 110 
- 20 ^may^be; coupled to networks, and remote stations outside of 
the .patient is room, , docking station need not mount on the 
wall to connect to these networks and stations. Docking 
station 110 may be connected to a wallbox 140 t o provi de 
the additional commuM^atl*on^T£nks. 

Although the portable monitor 102 as described 
in the. exemplar .embodiment performs the functions of a 
mult i-X unction bedside monitor when attached to docking 
station ^10,, it may be desirable to use the portable 
30(J monitor 102 iji conjunction with an additional remote 
I display -12C V rfFor example, in the operating room, the 
f^emojt^,, display 120 r may be a sla ve display so as to 
t k provide a ,lar^r jr _or~mca:e„eas.xl ^ The 
Sremote A display 120 may be a conventional, fully 
35 functioning bedside patient monitoring unit which 

receives, stores ,—displays^and^ transmits medical data. 
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Alternately, the remote display 120 may be an intelligen t 
workstation with a VGA display and conventional disk 



storage. The portable monitor 102 also includes a port 
127 for optionally connecting the portable monitor 
5 directly to a remote display 120 when the portable 
monitor is not in docking station 110. 

Upon establishment of a connection between 
portable monitor 102 and' docking station 110, assembly 

10 102 determines whether the most re cent physiolo gical data 
for the patient is stored 7 in the assembly or in a remote 

' : "display 120 coupled to docking station 110. The more 
recent data are then copied to- the device (display 
monitor 102 or remote display 120) having the less recent 

15 data (assuming that the remote displa^JLZfihas processing 
capability). A conventional menrfJry card 10% (shown in 
Figure 2), is used -to transfer data between the portable 
monitor 102 and the remote display 120. It is understood 
by 'those skilled in the art that, as an alternative to 

20 using a memory card f oi: data transfers, the data may be 
directly transferred by a bommunications link. 

Once the portable monitor 102 is coupled to the 
remote display 120, and t he data i n the two monitors are 
25 syn^jto on^ 106 t ransfer discussed 

above, all patient data received by the portable monitor 
102 are transferred to the* remote display 120. In this 
manner , patient 'data are stored redundantly in remote 
■display 120 and portable monitor 102. The patient can be 
30 switched from one portable monitor 102 to another 102' 

(not shown) by transferring the memory card to the second 
1 portable monitor i t 02 , V and -from one remote display 120 to 
another 120* (not > shown) without any loss of data, or any 

break in the continuity of the data. 

35 ; \ 
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According to another aspect of the invention, 
display .setup data are stored in portable monitor 102. 
The setup data are used to define which waveforms and 
which parameters. appear, in the available screen areas, 
5 Unlike the systems in the prior art, the setup data in 
monitor 102^ are independent of which sensors are 
•furnishing , data, or which display is used (Whereas in the 
..prior art, the setup; data : were typically stored in the 
display and were, entered by the user each time a new 
10 display .was, attached to .the monitor). The setup data are 
applied when the display is coupled to monitor 102 and 
turned on. If .the display is configured to display the 
wavef orm ^ being monitored, portable monitor 102 places the 
data in the appropriate areas, of the display. If the 
.15 display is not. configured to, display the waveform, then 
, it is not displayed until the user selects the waveform 
on the display. 

Figure lb shows the physical configuration of 
r 20 ./the monitor assembly 100 of Figure la. Portable monitor 

102 is mounted on docking station 110, providing physical 
- support, power, and communications. Monitor 102 acquires 

physiological .data, signals from data acquisition pods 150 
for EKG data and 152 for pressure data. The Non-invasive 
25 . blood pressure cartridge 160, the end tidal C0 2 cartridge 
162, a. hardcopy output device such as recorder 164 and 
the battery back 166 are individually attached to 
. portable, monitor, 102 for . purposes of illustration. 

•,'30 •■ . , . • DETAILED DESCRIPTION 

PORTABLE MONITOR 

As shown in Figures la and lb, portable jioni tor 

1102 is the core of a m ^uj^ Lpafeiej^t monitoring system 
3.00. Portable monitor 102 includes an integrated liquid 
crystal display (LCD) 104. Peripheral devices may be 
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10 



Of l b 



coupled to the portable monitor 102, including input 
de vices^ (e . g . , pods 150 , 152, 154 , 155, 156, 158 and 
ca rt r idge s ^l 6 0 Larid^ lgjO and outp ut devices (e.g . , 
rec order 164 and cathodej^a^^ 

LCD 122 ) . - A" possible minimum configuration of the 
exemplary : embodiment includes portabl e ™r»^-i tpr 102 , an 
E KG 'pQjS;l_ (.,15.0-|L^5A^oxl^58 ) and the ba ^tery^packJ 66 • 
Additional pods ,ilS2^ _ll54 and /or 155) and cartridges 

Hex 



162) may be* substituted or added, depending on the 
types^of trend data desired for each specific patient. 
PortabXe^jmLo nitbr" 102 ! may' be dire ctly connected^ to 
additi onal external displays 120 and 1 22 through ana log 
output p orts 17 2^ • Alternatively 

may be "de tachably mounted on ' E^TScking stati on^l^ which 
pro vides coup lings to power and^^ on^ » 
Portable monitor 102 receives power from docking station 
110 through a connector 125. 



20 



25 

a 



30 



35 



Figure 2 is a block diagram showing the 
ihteraction of the components of portable monitor 102. 
Portable monitor 102 includes tw o printed j gimu it board s 
( PCBs ) : a processor PC^200_and ^a^ne ripheral .PCB 22 0 . 
Processor PCB 200 provides processing and storage 
resources 5 for algorithm computation and for controlling 
system operations, 'in conjunction with peripheral 
printed circuit board : ( PCB) 220, Processor PCB 200 
' cont rols the- acquisiti6 n' nt of data from the pods and 
c artridg es /^he_Brocess ing of patient dat a, d^s^la^of 
p arameter s and _ w *y&*°' rm s » ai ar ms and Ethernet 
multi-vendor connectivity . 



TM 



and 



ocessor ^02^may be a Motorola 68EC040 or 
comparable processor * It controls toe^ op eration of 
portable monitor 102 and performs the non-numerically 
intensive arithmetic computations. Some numerically 
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i intensive computations are performed by components on 
. , peripheral PCB 220, and are discussed below. A 32 bit 
processor bus, which may be Multibus II, provides the 
processor 202 access to the other devices on the 
5 processor PCB 200., 

Three memory systems are located on the 
| X : - processor- PCB 200 . < A boot erasable programmable read 
. only memory (EPROM) 230 provides the initial program 
10 startup, system console support, and the method to erase 
and download software into*the flash EPROM (FPROM) 232. 
The EPROM may include 27C1024, 27C2048 or 27C4096 
j : devices, which allow two wait state operation for the 

processor 202., The EPROM has a total memory size of 
.15 ,256KB to '1MB* with 32 bit access. 

- Flash EPROM 232 contains the executable code. 
Flash EPROM 232 is- programmed on processor PCB 200 under 
the control of processor 202. Flash EPROM 232 may 
20 include AMD/NEC 28F020 or 28F040 devices, which allow two 
wait state operation. Flash EPROM has a total memory 
. : size of 2 . to 4 MB of memory, ; with 32 bit access. Flash 
EPROM 232 supports a line burst fill mode of operation. 

25 -A dynamic xandom access memory (DRAM) 208 

provides program data space. The system may also be set 
to ; a development mode, in which executable code is placed 
in DRAM 208. ~ DRAM 208 may include NEC D424190 or 
HM514280 devices, which allow 2 wait state operation. 

30 The DRAM 20 8 , has . a total memory size of 1 MB of memory. 
The memory is organized as 32 data bits and 4 parity 
bits. - r 

iProcessor PCB 200 includes support circuitry 
3 5 203 for processor 202. Circuitry 203 includes: DRAM 

parity generation and checking 236; two interval timers 
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240 and 242; a watchdog timer 238, an interrupt handler 
244, a serial diagnostic port 234, memory mode selection 
248; bus error time-out 246 and PC memory common 
interface adaptor- control^ 247. In the exemplary 
5 embodiment, support circuitry 203 is implemented in 
application specific integrated circuits (ASIC) . 

Parity circuit 236' generates odd parity on 
- ; memory writes 'arid* checks : f or • errors on memory reads. If 
•-■TO air error- is detected; a. parity error flag is set on a 
byte basis. r ' ^- " • • 

» •" ■> ■■*""'■• Two- intetval timers 240 and 242 are provided 
\ , . — 

1 ■ • * - to t time . mRa^ urem^ ht . The first timer 240 has a range of 
j 15 0.1 t612.7 milliseconds (msec). The second timer 242 
1 has a range of 1 to 127 msec. The user selects the 
' interval for each tiifier. If either timer is enabled and 

■ ; counts to the specified interval, an interrupt flag is 

- set? r * • ■ 

. 20 . 

- J - 5 Watchdog timer 238 allows selection of a 

- " timeout interval between 0.01 and 1.27 seconds. The user 
selects the interval. During system startup, watchdog 
timer 238 is disabled. If timer 238 is enabled and 
25 counts to the specified value during execution of any 
~ process', an interrupt flag is set. If the interrupt is 
not serviced ' within' predetermined interval, a processor 
1 reset is generated. - : 

-30 " * . Interrupt' hahdler 244 prioritizes the various 
' interrupt sources ^into seven levels for the processor. 
The interrupts may be generated by watchdog timer 238, 
parity checker 236, timer 240, peripheral PCB 220, timer 
242, graphics ^controller 254, or di agnost ic port 234. 

35 ' ' ^ 
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.Diagnostic serial port 234 provides a receive 
/ and transmit communications channel at 1.2, 9.6, or 19.2 
" J ._, J Kbits per second, with 8 data bits, no parity, and 1 stop 
bit. The choice of the data rate is determined by a 
5 programmable parameter value. Data transfers are 
• supported by polled status and interrupt control. 
/. Internal loopback may be programmed. 

Memory mode selection 248 controls the 
10,-. allocation , of normal program ^execution space to the three 

physical memory devices : boot. EPROM 230, flash PROM 232 
e •* and DRAM 208. During system , startup, the execution space 
„ t . is 4 allocated on boot EPROM 230. 

15 ^ The bus error, time-out function 246 activates a 

10 microsecond timer when a bus cycle starts. The bus 
error is activated if a data acknowledge signal is not 
received within the 10 microsecond time period. 

20 Bus master circuit 206 on processor PCB 200 

maps a 16 Mbyte, peripheral space into the address space 
-of CPU 202. In the exemplary embodiment, CPU 202 has a 
-32 bit data bus 212 and peripheral bus 328 (as shown in 
Figure. 3) includes a 16 bit data bus. In order to 

25 accommodate r the different bus data paths, bus master 206 
. includes L a. circuit to split each 32 bit word received 
, from- CPU 202 into. two 16 bit words which peripheral bus 
328 can accept. Each pair of 16 bit words is transmitted 
over two peripheral bus cycles. 

30 - 0 • . . ...... : 

; t . . A conventional random access memory card 106 is 
* i - used -for information storage and transfer. The memory 

card ^10 6 interface is controlled by the PC memory common 
interface adapter control function 247 in ASIC 203. 
35 Memory card 106 is a credit card sized encapsulated 

circuit board containing static RAM and a small battery. 
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The information ' stored in the memory card 106 includes 
setup 'data ' (e.g. *> alarm limits) , patient specific 
demographic and physiological trend data, and software. 



Typically, it ^ttOry^ard I QjT^ill be used when 
tra nsferi^ jgli>a^ two dif ferent j portable 

m onitors 10 2 Such 'transfers typically occur when a 
patient moves from one c are _ uni t (e.g., intensive care 
unit, operating- room , or re covery room) to_another. When 
10 used *fdr storing software, memory card 106 provides a 

convenient' mechiahisid for do wnloading software upgrades to 
portable monitor lb2, which are then stored in a flash 
EPROM 232, shown in Figfiire 3. When used for these 
purposes, memory card 106 may be r emove d from portable 
15 'moftitor 102, except when in use for data or software 
transfers." 5 




r Another possible use of memory card 106 may be 

I to assoc iate^ a respective card with each patie nt from 
2b / admissi on to ' c hecko ut, pr oviding rapid acce s s to J bhe 
I pati ent^s ^^st o^^^ kt any time during his or her stay in 
- I -'the hospital. When used for this purpose, memory card 
v ^ loe'^may^remain in portable monitor 102 at all times 

between patient admission and discharge, except when the 
r card is transferred between two portable monitors. All 
' f pa~tl^ent trend 1 datp would be stored, in a particular 
ineitfory card and continuously upgr aded at appropriate 
intervals! - :,f " ■ v - 1 



Still another use for the memory card is for 
software maintenance and upgrades. A new (second) set of 
instructions may fee downloaded to the Flash EPROM 232 
from the memory card 106 to replace the existing (first) 
set of instructions. 



35 
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Figure 3 is a block diagram of peripheral PCB 
220 shown in Figure 2. Peripheral PCB 220 manages the 
interfaces between port ab ^^mgn itor 102 and all exte rnal 
devices and networks^tQ which . it may be connected. 
Peripheral PCB 220 is coupled. to a port 327 of processor 
PCB 200., A peripheral bus 328, which may use 
conventional Intel Multibus format, couples processor 202 
and the devices on the peripheral PCB 220. Peripheral 
bus 328 includes a, 16-bit data path and a 24-bit address 
space, and- h^s a bandwidth of at least 8 Mbytes/second. 



20-j 

25 

30 



35 



Multiple bus masters can access peripheral bus 
328, under the control of an -arbiter 361, described 
below. The bus masters include: host bus master 206 for 
processor .202; .two digital signal < processors (DSPs) 330a 
and 330b for preprocessing the data acquisition samples; 
a carrier sense multiple access/collision detection 
(CSMA/CD) . controller direct memory access (DMA) channel 
362; -two DMA channels-.344a and 34,4b for tran smitting 



co mmands to ^jpods 1 50-158 and cartridges 160, ..1.62_jind for 
receiving^ ^mple d ajE^froj^ ; and a 

DMA*~ channel for tran smitt ing dat a to thermal record er 
164 . When one of .these bus masters (which may be either 
206, 334, 362, r344a, 344b or 358) uses bus 328, processor 
202, gives permission and, releases control of address, 
data and strobe lines (not shown) in the bus 328. The 
bus master 206, 3.34, 344a, 3,44b, 358 or 362 then places 
memory addresses on bus 328,-, directing DMA data transfers 
to send or receive data . 

T he DSP _DM A control, is implemented in a bus 
master application specific integrated circuit (ASIC) 
.334. . Bus master circuit 334 connected to the DSPs 330a 
and 330b allows the. DSPs to access the entire memory 
space 322. -via peripheral bus 3.28. : DSPs 330a and 330b 
access* bus 328 by an indirect method. The DSP first 
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writes to an address register 334a in bus master 334. 
This address points to the desired address on peripheral 
bus 328. After loading the address, the DSP may write to 
locations on"- Bus 328, After each word is written, the 
5 lower sixteen address lines (not shown) will 

automatically^ increment, allowing efficient moves of 
block data. ; — : - - ■*"■• 

: " Bus Master 334 may also operate in slave mode, 
10 allowing the CPU ^202 to arbitrate' DSPs ' 330a and 330b 
communications with peripheral bus 328. In this mode, 
GPU 202 can write directly into the DSPs 1 static random 
access memories (SRAM) 332a- and 332b. This capability is 
used during initial download of the DSP code from CPU 
15 flash programmable read- only memory (FPROM) 232 as shown 
in Figure 2. CPU 202 may also use this capability to 
deposit variables to and "retrieve variables from DSPs 
330a and 330b. All other bus masters (DMA channels 344a, 
344b, 358 and 362) are ' prevented from accessing the DSPs' 
20 SRAM 332a and 332b in this manner, to ensure the 
* integrity of the DSP 6ode. 

* DMA channels 344a, 344b, 358 and 362 use 
peripheral bus 328 to read and write shared SRAM memory 
25 =322 and peripheral^ 150, 152, 154, 155, 156, 158, 160, 
- 162, and 164. Channels 344a and 344b are used for data 

acquisition ?frbm "pods 150, 152, 154, 155, 156, 158 and/or 
■ cartridges 160/ 162-. -Channels 344a, 344b send commands 
and timing information to' the pods and cartridges , and 
3 0 receive data and status from them. ; 

" v* Wheri -receiving data, channels 344a, 344b write 

the received data to- ifespective buffers every two 
milliseconds (msiec)^ : After five consecutive two msec 

35 cycles, the data; in the buffers are written over with new 
data. To ensure transfer of the data to the shared 
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- memory 322 for storage, two different types of interrupts 
are generated within channels 344a and 344b. The first 
interrupt is generated every two msec when data are 
placed in the buffer. The second interrupt is generated 
5 each time five blocks of data are received, i.e., every 

* ten msec. < '" - - • ; ■.. ' 

DMA", channel 358 is a special purpose thermal 
head driver for recorder: 16 4v This channel combines data 
10 from three, different locations' in shared memory 322 to 
, overlay grid/ text and waveform data. Channel 358 also 
chains together print pages of varying length for 
outputting the data to recorder 164. The output signal 
■.. -from channel 358 is sent over a serial link 386 to 
15 recorder '-'164.: • 

DMA channel 362 is a' conventional single chip 
■' , CSMA/CD' controller for twisted pair cable. This channel 
is used for communications' to LANs when portable monitor 
2.0 102 is placed in a docking station 110. Channel 362 is 
not operated when portable monitor 102 is removed from 
docking station 110. ■ ^- 

Data are received from the pods and cartridges 
25 by way of two cross : point switches "346a and 346b. All 
: - pod 'connections- are through switch 346b, which provides a 
5000 volt isolation between the sensor return circuits 
and portable monitor 102 ground to guard against ground 
. x loops, which could endanger- patient safety and introduce 
3 0. noise into the measured data. 1 In the exemplary 

/r' embodiment, .crbsspoint switch 346a does not provide this 
isolation, so cartridges 160, \ 162 provide their own 5000 
volt isolation between cartridge return circuits and the 
v - .portable- monitor 102 ground, otherwise the two 
35 crosspoint switches 346a and 346b are functionally and 
logically identical. 
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i, The crosspoint switches 346a, 346b receive 

patient data signals from the .pods and cartridges and 
: multiplex r thedata signals before passing them on to 

channels 344a and 344b. Each switch 346a and 346b can 
5 communicate with either channel 344a or 344b via separate 
1.6 Khz links 348a, 348b, 350a, and 350b. 

The, two DMA channels 344a and 344b are 
^synchronous; randi are run ;in a master/slave configuration. 
10 , Every 15.6 microseconds,, there, are transfers between the 
; pods/cartridges and shared-, memory 322. These transfers 
i include. ; two. reads (one per channel 344a and 344b) and two 
... writes; (one per channel 344a and 344b) to a shared memory 
322. Shared memory 322 includes an extra two byte word 
15 for channels 344a and 344b that is fetched during each 15 
microsecond transfer to configure the crosspoint switches 
346a and: 346b. The' low byte is used to control the 
crosspoint switch of slave DMA channel 344b and the high 
.byte* is ■ used to control master DMA channel 344a. For 
20 each respective pod port 364 ,= 366, 368, 370 and cartridge 
. port 372., 374, one respective bit in the control word is 
used to enable power to the pod, and another respective 
bit is used to enable transmission of a sync signal to 
tlje pod.; Thus a total of five words are transferred 
,25 during each 15 msec cycle. The data samples are 

interleaved between the two DMA channels 344a and 344b. 

■ To allow modifications to the configuration of 
ppds and ^cartridges, CPU: 202 issues a request for 
t identification to,, the pods and cartridges by way of their 
30 respective ports 364; 366, 368? - 370, ' 372 and 374. The 
•pod or cartridge responds with a unique identification 
signal. ; , ■ ; r -~ 

When commanding -the pods and cartridges, the 
35 channels 344a and ; 344b fetch. .24 bit words from shared 
memory 322. Each 24 bit f word includes an 8-bit DMA 
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control word and a 16-bit front end command. The 8-bit 
DMA control word includes a 3 -bit slot address 
identifying the port 364,, 366 f 368, 370, 372 and 374 to 
which the. command is routed and a 2-bit DSP redirection 
5 control to identify the routing of the data returned by 
the pod or cartridge. The 16-bit command is transferred 
. to the pods/cartridges. 

Ll v The, DMA channels 344a and 344b also communicate 
,10 with: DSPs . 33£a and 330b by way of a serial interface 338. 
All of the data received by channels 344a and 344b is 
routed to the DSPs in addition to shared memory 322. The 
DSR is sent a fram^ sync signal, from master DMA channel 
344a every 2 msec. 
15 ■ r- ■ 

- A bus arbiter 352 controls access to bus master 

r 334. and pMA channels; 344a apd 344b. Bus master circuit 
334 provides both round robin ^nd prioritized 
arbitration. Since DMA channels 344a and 344b could lose 
20 data if denied access to bus 328 for an extended period, 
: j a round robin element is included in the arbitration 

scheme. Within the timing, constraints that prevent loss 
, , of data, bus, arbiter 352 also, allows burst mode 

operation, allowing multiple words to be written without 
25 entering additional wait states. Bus arbiter 352 also 
allows burst mode operation during read cycles. 

In addition to the bus masters, there are also 
slayg devices coupled to bus 328 by universal 
.30 , asynchronous- receiver/ transmitters (UARTs) 354. These 
t j include^ two; multivendor ports 380 and 382 (MVP1, MVP2 
: , respectively ) , and a 3 battery, port 378 . 

' c The two DSPs 330a and 330b may be conventional 

35 . processors such as Analog Devices ADSP 2101 or 2105 DSP 
chips. These, are 16-bit processors with an instruction 
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set which includes normalization and exponent derivation 
by barrel shifting. Since many of the operations 
performed in the EKG algorithms are common signal 
processing functions, most of the computationally 
5~ intensive and simply defined processing stages may be 
performed in the DSPs. These stages may include finite 
impulse response (FIR) and infinite impulse response 
(IIR) filtering, cross-correlation, power spectrum 
- ' estimation and others. Matrix algorithms and other 
10 numerical processing- may 1 also be performed in the DSPs . 

H In addition to performing signal processing 

' taskk, DSPs 330a and 33 0 b distr ibute data to all of the 
output devices coupled to portable monitor 102, including 
15 local display devices and "network devices. The DSPs 



perforin appropriate sa mple rate c onversion , data scaling, 
and offsetting to the raw samp l ie da ta collected by 
monitor 102 . ~'^y'~^:^.,, v 



20 1 Monitor 102 inclu des^ a small interna l battery 

(not shown) . If external battery 166 (shown in Figure 
" lb) is at a' low charge level , the internal battery 
provides" power for a time period (e.g., 1 minute) which 
is sufficient to ; remove battery 166 and install another 
25 external' battery • 

(^DATA ACQUISITION PODS 



""< Figure 4 shdws r a block diagram of an e xempla ry 

J """"" '-LU'li^Mp, 

30 data 7 acquisition pod 150 . Pod 150 is self -containe d . 

ThatfTsTn^d 150 includes all of the electronics required 
r " to acquire a sighal : from ia^sertsor, condition the signal 

and transmit the signal to portable monitor 102, without 

inserting pod 150 ih L the monitor 102, or in a box (Pod 
'35 150 is unlike prior art data- acquisition cartridges which 

must 'be mechanically inserted into a separate box to 
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couple with the monitoring system) . The use of a 
self-contained, standalone pod 150 simplifies preparing 
the patient for transportation. There is no need to 
remove pod 150 from a box, or to reconnect any cables 
between the pod 150 and monitor 102 . 



10 
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Po 4„150 recej^es^patie^t^data from a plura lity 
of sensor s^4^a^f^iuxia t erminal s 43^-411n (or 
ter^inals^lS,., and ij' shown in,. FIG. 1). These sensors may 
measur e" EKG , Tblopd pressure, . pulse, t emperature , EEG or 
oth er physiologicalNparamete rs . Each input da ta stream 
is amp lified and, fil tered by circuits 418a-418n to remove 
noise and any undesirable signals which the sensors may 
acquire. . The amplified and filtered output signals 
420a-420d are co mbined to . form a s wingle sianal^4.15. by a 
combiner which may be a time divis ion multiplexer 414. 
The combined, signal 415 is then con verted _from_ analo g 
form to ^gijbal,J^ria r by *A/D converter 412. Pod 150 
includes a, single coypllng-~X5j>a to port a ble monito r^I02 . 
Signals are transmitted to coupling 150a by way of a 
communications ASIC, . 416. Pod 150 may also optionally 
include a m emory 432 for storing calibrati on dat a and 
alarm limits. Pods 152, 154, 155, 156 and 158 are 
similar -insofar as. the functions shown in Figure 4 are 
concerned. A r 



The r main function of the pods 150-158 is data 
acquisi tion. _ The filtering and amplification are 
performed to ensure that the data furnished to monitor 

3.0 102 accurately represent the parameters sensed by sensors 
410a-4?.On. v The application of mathemati cal algorithms to 
these data to process the signals is performed inside 
; portable monitor 102. This division of services between 
pods 150-158 and monitor 102 reduces the size of the pods 

35 150-158 relative to typical prior art data acquisition 
cartridges. Pods 150-158 are small enough to be 
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positioned conveniently in a variety of positions, 
including: on a shelf, on a bed , on a . bed rail or 
headboard, under a pillow, or on an intravenous pole. 

5 An exem plary patient monitoring system in 

accordance with the invention (shown in Figure la) may 
include a ny one of a basic , d iaan i o f ^ Lc or neonatal pod * 
A b ase EKG podi l 'St)* acquires re al-time__EKG a nd c^ SQi-ratio n 
wav eforms as input 0 dat a V which are processed by Jj > gfi f 

10 a r rhy thMa ^ and S-T'- segment analysis algorithms in DSP 1 s 
3 3 Qa and 3 3 O b > : The ^ sena pr s (not shown) in pod 150 are 
five elec trodes 1 with leads_:L^II^^ and 
AVF leads) and V (chest) / From this data, portable 
monitor 102 can determine imped^ce^ respiration as w ell 

is ' as heart rate. 

* " Base pod 150 also accepts input data from two 

temperature sensors which may be used for me asuring na sal 
respir ation ~a hd cardiac output (CO.). A nasal 
2 0 respiration thermistor (nbt shown) may be used to detect 
respiration by sensing the changes i n nasal passa ge 
: temperature due to the difference in temperature between 
1 ihfialed and ekhaled air. CO* data are acquired by using 
the thermodilutioh method. An E dwards typ e catheter (not 
25 shown) can be used to i nject either cooled^_or ro om 

temperature water into the coronary artery . Downstream 



blood temperature' ahd i njectate t em peratures are^t hen 
1 measurecL ' * 

30 4 * Lastly > pod 150 receives data representative of 

" ,p ulke~an^^ Oximetry data representing the 

'^saturation, or fraction of oxyhemo globin to functio nal 
hemoglobin (Spd 2 * irTToJPare collected using absorption 
spectrophotometry . : - - 1 
35 1 ^ " — ' '* r e! - r " 
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As shown in figure lb, pod 150 includes two 
proximately .located sw itches 13 a nd._15 . Switch 13 is 
coupled to a circuit which transmits a signal to monitor 
/)102 causing monitor 102 to c ondition It se lf to start th e 
ca^di^c^outpu^pro'cedU're (e.jg . , perform ra nge and al arm 
limit adj ustments) . The operaib^r actuates^ switch 1 3 at 



the . same tim e that he or she-rtirjects the injectate in to 
i^entfor cardiac^o utput measureme nt. The DSPs 



330a and 330b in monitor 102 cal culate the waveform of 
10 the -temperature! gradients between thermistors for the 
cardiac output procedure. Similarly, switch 15 is 
coupled. to. a circuit which transmits a signal to monitor 
102 causing monitor 102 to c onfigure itself to start the 
wedge procedure and/or switch the display to w edge mo de. 
15 The ^op erator actuates switch lj > at th e same time that h e 
' or she inflates a ba lloon inside the patient's pulmonar y 
i artery for pulmonary .artery wedge pressure m easuremen t. 
! switches 13 and iFarT conveniently ^b^gjoc ated on pod 150 
(nearTth"e ~sensors o n^jthp pfrfcjbant) . This facilitates 
20 . concurrent actuation of switch 13 while starting, the 



cardiac output measurement, and faci litates concurrent 



/ actuation of .swit ch 15 whi le_starting the wedge 
j procedure. , t , . ~ : 

25, Systems in the prior art -typically featured the 

, cardiac output switch 13 and wedge switch 15 on the 

monitor 10.2 . -It^ is more convenient to locate switches 13 
and 15 close .to the ,patient . (as in the present invention) 
than on monitor- 102 (as done in the prior art), because 

30 the operator is close to the patient while injecting 
liquid or inflating a balloon in the patient's artery. 

. Because pod 15a, is small and is, easily located close to 
the. patiejit, : pod 150 is an advantageous device on which 
to locate switches 13 and 15. In some hospital room 

35 configurations, : it may be desirable to place monitor 102 
too, far away £o conveniently access monitor 102 while 
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starting the procedures, making the switch location on 
pod 150 advantageous. Furthermore, safety is enhanced, 
because the operator does not have to walk around the 
lines (e.g., lines 18 and 34) connected to monitor 102. 



IDi agnostic pod 



includes input terminals to 
recei ve *• data f rom sensors similar to those used in 
conjunction with" base pod 15(K In addition, the 
diagnostic pod aec fepts ifive further leads for receiving 
' E KG data from ^additional electrodes which may be placed 
oh the patient's chest. Alternatively, additional 
terminals m£y : be used to receive EEG data. 



r Ne onatal pod 15 8 includes input terminals 

15 similar to diagnostic pod 156. In addition, neonatal pod 
■ 158 includes terminals for receiving lo ng-term , 

honj-i mrasive , tra nscutaneous data for monitoring the 
partial ^ressxlres of q xyc^n,,a hd carbon dioxid e . In 
addition to transcutaneous monitoring , a general gas 
'20 bench for blood gas analysis may be included. 



In addition to one of the above EKG pods 150 , 
15 6 or 158, an exempl ary ' pati ent monitoring system in 
accordance with the invention may include a pressure pod 
25 ' 152 (or 154) and/ote an oxi metry catheter pod 15 5. 

' Pressure pod 152? accepts data 5 (via terminals 23) from 4 
str ain jj age tr ani^duaers (riot: shown) , which are f luidly 
coupled "to invasive - pressure sens ors, and accepts data 
from two temperature' -sensors. 
30- • " V , ,; ' ,r.-/- - v 

Referring 'again to i : Figure lb, the pressure pod 
' 152 -has a z ero sw i ifcch^'4 2 conveniently located on pod 152, 

wheire ^it is easily 1 actuated while cal ibrating senso rs 
(not shown) by exposing 1 -the m to atmospheric pressu re. 
35 - Actuating the -zero-switch causes pod 152 to transmit a 
zero signal to monitor 102, causing monitor 102 to('rese1 



BNSDOCID-. <WO 9413198A1_I_> 



WO 94/13198 



PCT/US93/11712 



28 



10 



the value of its waveform 'to" zero in response to the 
Voltage currently detected across the sensor. A second 
s witch _4 £, located on pod 152 sends a further signal to 
monitor 102, causing monitor 102 to condi tion itself^ to 
beg in 'a w^ge^jar ocedur e . The response of monitor 102 to 
this further signal is the same as described above with 
respect to actuation of switch 15 on pod 150. As 
described above with respect to pod 150, the location of 
the control* switches' on the p 0 ^ (near the patient) 
simplifies operations. - 4 * 



15 



- ' ! ' : I^essure/Te ^erature^ poA^lSA accepts data from 
two invasive pressur e transd ucers. The cath eter pod_1 55 
receives : data f rom a cathe^r^ihserted into the patients 
artery. 
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It is understood by one skilled in the art that 
many different embodiments of the data acquisition pod 
may be developed to meet different data acquisition 
requirements'. Both the types of sensors used and the 
number of sensors of each type may be varied. 

DATA ACQUISITION CARTRIDGES 

Figure 5 shows the mechanical configuration of 
an exemplary non- invasive blood pressure cartridge 160. 
In contrast to pods 150-158, cartridge 160 is not 
independently positionable, but mounts on monitor 102. 

Cartrid ge 16 0 accepts data via line 19 for 
os cillometric measur ement of systolic, d iastoli c, and 
m ean Arterial presg ures-from afc uf f^Erans ducer (not 
shown) . _ Cartridge 160 performs functions similar to the 
pod functions shown in Figure 4. In addition, the 
cartridge provides a separate 5000 volt isolation between 



BNSOOCID: <WO 94131 96A1_I_> 



WO 94/13198 PCT/US93/11712 



29 



. the cartridge return circuit and the portable monitor 
. ground for safety and to reduce undesirable noise. 

As shown in Figure 5, cartridge 160 includes a 
5 suitable mechanism, to a^tach\ ltself to portable monitor 
1Q2. This may be. in the form of a g uide piece 1 60a with 
a lat ch 16 0g,, Guide piece 160a slides into a mat ing^- 
„ guide (not shown) qn monitor 102, engaging connector 160b 
.. wxth connector ,12 9.,. (shown in FIG. la) oiTmoin!tor r T02; and 
10 engaging the latch 160c with .a ma ting.»x^c h (not shown) 

on the monitor in a single operation. Many varia tions in 
, th e^. shape . o f guide piece 160a and latch 160c may be used 
^£p, prpvide the mechanical coupling" at the ^"samenEjjne^TEiiat 
connector 160b is. engaged to provide electrical coupling. 
15 Mounting cartridge 160 directly to monitor 102 is 

convenient and uses space efficiently; a bulky box is not 
needed tp house the cartridge • 

, Th e, end-tidal CO ? , Cartridge 162 , re corder 164 
20 and. battery, p ack ^166 ea ch use a similar coupling 

te chni que , to facilitate reconfiguration of the portable 
monitor 102. The end-tidal C0 2 Cartridge 162 receives 
data representing inhaled and exhal ed carbon dioxid e 
partial pressures from an ai rway adapter vi a line 21 and 
25 engages connector 131 (shown in FIG. 1) . The reco rder 

164 is a conventional th ree channel thermal printe r. The 
battery pack 166 includes a conventional nickel-cadmium 
battery'. 

3 0 As with the data acquisition pods, the data 

acquisition cartridge may be prac ticed in a nu mber of 
altej^ajy^ve^j^ the types of sensors used 

and the number of sensors of each type may be varied. 
Preferably, data acquisition modules which are bulky, 

35 heavy, or consume large amounts of power are implemented 
as cartridges, while 'small, lightweight low power data 
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acquisition modules are implemented as pods. For 
example, press ure cartridg e 1 160 includejs^jnptjp^and 
pneum atic devic es , in addition to the filters, 
amplifiers, multiplexer and A/D converter. In 
considering * whether a new type of sensor should be added 
to a pod or a cartridge, isolation requirements may be a 
factor, since each cartridge provides its own isolation. 



10 , rl . < DOCKING STATION 



. : Figure^ shows/d o^cing, s tation,- 1,1 nilro which 
portable monitor 102 may be. attached. A conn ector^ HOa 
15 . provides data communications: couplin gs to the portable 
. monitor^ A ^uide 110b, which may be integral with 

connector* 110a; as shown in Figure 6, facilitates proper 
. 'positioning of monitor 102 on docking station 110, and 
assists in maintaining monitor 102 in position while 
20 - monitor. 102 is on docking station 110. A ^ eparate 

.conne ctor 1 1 Og p rovid es power . Respective connectors 
llOc^ and llOd prov ide power- and^ata. communicat 1 ons 1 i nks 
.-. * from portable monitor l02 Jbo external power^sourpes , 
. de-^^sT^nd..^^^^^^ when monitor 102 is on docking 
25 station 110. Connector 102& iaay be a conventional 

connectof^to interface directly to an Et hernet™ IAN 1 18 
(shown in Figure 1A) . Additionally, the data may be 
output to a remote display ^? O^ox^JL 2 2 , or to an 
intelligent: workstation, for display in VGA forma t, 

\ Ah opti onal cla mp llOe may be used to mount a 

docking -station on an intravenous pole (not shown). 
Alternatively; clamp llOe may be omitted andjsackplate 

- HOf riay be J fastened directly to a wall o 

<. - — ■ — • — . ^ 

■. 35' ' : • ^ - ■ ' 

Many^^xi£.t^ docking station 

mechanical configuration are possible. ~Fof""example, 
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connector 110a. and guide 110b may be separate from one 
another. There may be multiple connectors 110a and/ or 
multiple connectors UOd... Additional mechanical 
fasteners may i: be added to improve the stability of the 
detachable mounting. r 




; s. Connector UOd may alternatively connect to a 

sma rt wallbox 140, as indicated in Figure la. The 
wallbox converts the twisted pair CSJJA^CD signal from 
.10; line ;I36; 3 (shown in Figure la) to 10 Mbits/second Thinnet, 
which uses the IEEE_ 802^3w Type 10:j*a^e^2 ^^ndarof! This 
connection provides^ ^"^ff^g g^Jgc^ 0 " bet ween portable 
monitor 102 and, re mote stati ons which may be p atien t 
^Q^j ^gr ing^ sy^emsv20X a »S^ P ute rs * A separate connection 
138 provSeTT^ communications with an 

in put/o utput device£liAN,) which may include keyboards, 



20 



pointing devices/ voice input,, bar qpde readers and la bel 
p rSt^ s 77* : Eight additional* multi-vendor ports (MVP) 130 
are provided:. Four analog output ports provide waveform 

data for. tra nsmissi on t o external devices (e.g., 

monitors,, rerorders ) : Wa ll box 140 a ssTgns (^^\i^er^ to 
devices which; c on nect^to^it . This all ows the portab le 
monitor to a utomaticall y^ ide ntify any changes to t he 
configuration devices connected to the wall box 140. 



DATA /TRANSFERS^ DURING CONNECTION 



Figure 7 - is : a flow diagram showing steps which 
are performed automatically to update the patient data in 
30 ; portable monitor ,102 memory (the portable monitor data 

storing means) :, or; the data in remote display 120 memory 
' (assuming; that remote display i 120 has storage), so that 
both : are ' kept current ; < { At step 750, po rtable mon itor 102 
is inserted in docking station 110, and the connection to 
35 the remote displ ay 120 is establis hed. At step 752, 

memory in the remote display 120 is checked for data. If 
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j there f are . no data then pat^i ent physiologij^ l_dat^ stored 
^ in the portable monitor 102 is downloaded to remote 
display 120 memory at step 754. If there are data in 
remote display 120, at step 756, a determination is made 
whether the data in remote display 120 and the data in 
portable monitor 102 a re associated with the s ame 
patient. A double .compa rison is made; bot h patient nam e 
and,,p£ gien;t identif ication^ are compared. If either the 
, p name or the, ID,-.. do not match, .or if either the name or ID 
10 1 is .blank, then, .the data in the portable monitor 102 and 
remote display 120 are considered to be associated with 
^ two different patients. v 



"4 



If the data are from two different patients, at 
15 step 758 remote display 120 will prompt the operator to 
choose either the data in remote display 120 or the data 
in portable monitor 102. Once the operator has selected 
one of the sets of data, at step 760 the data are copied 
from remote display 120 to the portable monitor 102 if 
20 remote display 120 is selected, or from portable monitor 
102 to remote display 12 0 if portable monitor 102 is 
selected. 



If it is determined at step 756 that the data 
25 in remote display 120 and portable monitor 102 are 

associated with the same patient, then at step 762, a 
determination is made whether the data in remote display 
120 are n ewag-^than the data in portable monitor 102. If 
the portable monitor data are newer, then at step 764 the 
30 portable monitor data are copied to remote display 120. 
If the remote display data are newer, then at step 766, 
the remote display data are copied to portable monitor 
102. 

35 The same sequence of steps is performed when 

memory card 106 is inserted into monitor 102, except that 



9413198A1J > 



WO 94/13198 



PCT/US93/11712 



33 



monitor 102 exchanges data with memory card 106 instead 
of remote display 120. It is understood that replacing 
display 120 with memory card 106 in steps 750 through 766 
above, the data in monitor 102 and memory card 106 are 
5 kept current: 



io 



;:v itfs understood by bne skilled in the art that 
many variations ; of the embodiments described herein are 
contemplated. " While the invention has been described in 
terms ; r of exempiafy ^einbodimetits, it is contemplated that 
it may be practiced: as outlined above with modifications 
within the spirit and scope of the appended claims. 



BNSDOCID: <WO 94131 98A1_L> 



WO 94/13198 



PCT7US93/11712 



34 



What is Claimed: 



1 1. . Patient monitoring apparatus for 

2 displaying, on a display device, medical data processed 

3 - and collected from a patient using a plurality of 

r 4 sensors, the apparatus adapted for use in a system which 

5 , includes a : plurality of sensors, the apparatus 

6 ■ x . comprising: . < . . 

* . 7 _ , .-^.i ■ / • • . .. : .■; ■ ... . . .-. . 

8 a : docking station; ~ : 

9 

10 - - ~ at least one data acquisition module 

11 . . : selectively communicating with the plurality of sensors, 

12 the data acquisition module including: 

.13 ■ . . , 

1 4 means for collecting patient data from the 

15 • , sensors,, and 

■ . • - 

: -17 : means for generating conditioned data from the 

18 patient data; and 

,19^. « • 

20 5 a portable monitor, detachably coupled to the 

21 data acquisition module, which receives the conditioned 

22 data and stores the conditioned data, the portable 

_ 23. .monitor being detachably coupled to the docking station. 

1 2. Apparatus in accordance with claim 1, in 

2 , .'. - which the portable monitor includes a display device, 

3 i-u i ; :; wherein conditioned data are displayed on the display 

4 : . device of ;the portable, monitor. 
5 

1 v-: . v .. : , .3. Apparatus in accordance with claim 2, in 

? „ ... which ,the portable monitor comprises: 

4 v,., />. .(a), means for receiving power from the docking 

5 station ; 
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6 (b) first transmitting means for transmitting 

7 the conditioned data to a remote display device by way of 

8 the docking station; and 
* ! 9 ....... 

10 . v . (Qfy second transmitting means for transmitting 

11 - the conditioned data to the remote display device when 

12 * -the portable \monit or is not coupled' to the docking 

13 station, wherein- the conditioned data are displayed on 

14 either one of the remote display device and the display 

15 ■" : device i 'of the- portable monitor. 
16 

1 : r ^ Apparatus in accordance with claim 3, 

2 " cwnerein^the "portable monitor includes: 

4 means for storing setup data; and 

5 . • •• * 

6 means for displaying a waveform in accordance 

7 with the setup data on -either one of the remote display 

"8 device and the display device of the portable monitor. 

9 -: 

1 5. Apparatus in accordance with claim 1, in 

2 ' ^ which the data 1 acquisition module is "a data acquisition 

3 : cartridge including : 

■ z it .-'i-*- " V ' ■ 

5 ' ■ means" for detachably mounting the data 

6 acquisition cartridge to the portable monitor, and 

8 ^ means for electrically coupling the data 

9 ✓ acquisition" cartridge to the portable monitor to transfer 
10 the conditioned ciatS' to' the portable 4 monitor 

11 

1* 1 : : 6. - Apparatus in accordance with claim 5, in 

2 which the portable monitor includes a case and the 

3 mounting means includes means for attaching the data 

4 ; acquisition cartridge to the case. 1 
5 
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1 7 . Apparatus in accordance with claim 5 , in 

2 t , : ; which the data acquisition cartridge includes: 
3 

^4. means for receiving a plurality of patient 

5 physiological .parameter data from the plurality of 

6 sensors; and 

8 f means for .generating from the plurality of 
;9 . -, ... ^ patient physiological .parameter data a combined signal 

10 which is transferred to the portable; monitor . 

r l . . j ; ! 8* Apparatus in accordance with claim 7, 
■ ,. 2 ;.. ! . . ■, wherein the generating means include: 

3 ....... - . . . ... . t „ - .. ,J 

4 means for producing a time division multiplexed 

5 signal from the patient data; and 

7 means f or converting the multiplexed signal to 

8 a digital signal, wherein the combined signal is a time 

9 .division multiplexed digital data signal. 
10 

1 9. Apparatus in accordance with claim 5, in 

. 2 which the data ; acquisition cartridge, includes means for 

3 rec ?A v ing patient tblood ; pressure data from a non-invasive 

4 , r blood pressure sensor; - 
5 

1 :.: / 10. .* Apparatus in accordance with claim 5, in 
.which ; the data acquisition cartridge includes means for 

3 receiving patient inhaled and exhaled carbon dioxide 

4 ^ ^partial pressure data from a selected one of the 

5 - plurality of sensors, ^ij 

6 . 

l 11. Apparatus in accordance with claim 1, in 

? ...which the portable monitor includes a case, the apparatus 

; 3 further .comprising means for detachably mounting a 

4 . hardcopy output device to the case. 
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1 12. Apparatus in accordance with claim 11, in 

2 which the mounting means comprises: 
3 

4 means for mounting the hardcopy output device 

5 to j the case ; and 1 

6 ■ 

7 means for electrically coupling the hardcopy 

8 - : ■-■ output device to the portable monitor to transfer the 

9 : digital: data to "the hardcopy output device. 

1 13. Apparatus in accordance with claim 1, in 

2 * 1 which the portable monitor includes a case, the apparatus 

3 ; 1 1 -further comprising means for detachably connecting a 

4 battery pack to the case, the connecting means 

5 comprising: 

6 .,..r" 

7 means for mounting the battery pack to the 
-.8 : case; and 

>9 . : :. - • - - * / . v, -■ 

1° ■ means for receiving power from the battery 

11 pack. 

12 ■ - ' 

1: 14. " Apparatus " in accordance with claim l r in 

2 > which tho data acquisition module is an independently 

3 positionable, self-contained data acquisition pod. 
4 

1 15. : Apparatus in accordance with claim 14, in 

2 r . ^which the -data acquisition pod comprises: 

3 . - \ ..* , - > v 

4 : i means for receiving a plurality of patient 

5 physiological ^parameter data from the plurality of 

6 sensors; and 

.7 r ' ■ , • . , 

8 : meians f or generating from the plurality of 

9 physiological parameter data a combined signal which is 
10 transferred to the portable monitor. 
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1 16. Apparatus in accordance with claim 15 , 

2 ; . .r -wherein the generating means include: 
3 

4 rmeans for producing a time division multiplexed 

5 signal from .the. patient data; and 

7 means for converting the multiplexed signal to 

8 ( . a digital signal, wherein the combined signal is a time 

9 ' ^ division multiplexed idigital data signal. 

10 . -j •: 

. 1 . . - 17. -Apparatus in accordance with claim 14, in 

2 . . which the data acquisition pod includes means for 

3 receiving patient: electrocardiogram data, blood oxygen 

4 saturation data and either one of temperature data and 

5 - , cardiac output" data. 

6 • • • \ • .: ; . . 

1 18. Apparatus in accordance with claim 17, in 

2 which the data acquisition pod further includes means for 
\ 3 receiving data representative of patient 

-4 el ectroencephalogr am^ signals. 

5 ; ;• ••• , • 

1 19. Apparatus in accordance with claim 18, in 

2 .which the data acquisition pod further includes means for 

3 .receiving^ at least one of the group consisting of blood 

4 oxygen partial pressure data and blood carbon dioxide 

5 , . partial pressure data. 

1 20. Apparatus in accordance with claim 14, in 

2 .-.'which the data;- acquisition pod includes means for 

3 - . receiving data representative of patient blood pressure 

4 data. 
5 

1 / 7 _ z ^ . 21; Apparatus in accordance with claim 20, in 

2 which the data acquisition pod includes means for 

3 receiving patient temperature data* 
4 
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1 22. Apparatus in accordance with claim 1, in 

2 which the portable monitor includes: 
3 

4 a non-volatile memory for storing a first set 

5 ■» ■= of instructions which are executable by the portable 

6 monitor; 

7 • . . • . . * ; 

^ .» -8 . : ' means for reading a second set of instructions 

> r. /. from a random access memory card; and 
10 

11 . - means for replacing the first set of 

12' ( instructions: in the non-volatile memory with the second 

13, j set of instructions, v 

1 23. Apparatus 'in accordance with claim l f in 

2 which the portable monitor includes: 

4 means for storing patient data in a random 

5 access memory card, wherein the patient data include 

6 . . patient identification information, patient physiological 

7 trends and alarm limits; and 

9 . . '■' . ; • means for reading the patient data from the 

v 10 v .r random access memory card. 

IE.. 11- H . " * , * : .. . . , ■ 

1 r24. Apparatus in accordance with claim 1, 

2 wherein the portable monitor includes: 

' 3 ; .• . . • . . - .. \ i 

4 . . . means for transferring data to a remote display 

5 ^ \ 4 device which has> a remote display memory for storing the 

6 patient data; 
7 

8.. ■ , . -means for receiving data from the remote 

9 display device; 
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11 a portable monitor memory for storing the 

. . 12 . patient data; 

• 14 means for determining whether the data stored 

15 in the portable, monitor memory are older than the data 

16 , stored in -the remote display memory;- 

. .., ,. .■. • . , 

18 replacing means for replacing the data stored 

.19 in the ,pprt able monitor memory with the data stored in 

20 the remote display : memory if . the data stored in the 

21 portable monitor memory are older than the data stored in 
- . .22 the remote display memory; and < t 

. J tJ / 

24 P ea ns for transmitting the data stored in the 

25 portable monitor memory to the remote display memory if 
-,-2 6 'the data, stored in the remote display memory are older 

27 than the data stored in the portable monitor memory. 
28 

1 25. Patient monitoring apparatus for 

,2 . displaying, on a display device, medical data collected 

3 from a patient using a plurality of sensors, the 

4 apparatus adapted for use in a system which includes a 
5, r ^remote display device and a plurality of sensors, the 

, 6 ^apparatus comprising: c 
7 

8 a docking station which provides electrical 

9 ; ... P owe T and a path for transmitting data; 

11 -a plurality of data acquisition modules coupled 

12 to the plurality of sensors, the data acquisition modules 
. 13 . ; .including means for collecting patient data from the 

14 r • .. j sensors and means for providing the collected patient 

15 data at an output port, the plurality of data acquisition 

16 modules including at least one selectably positionable 

17 data acquisition pod and at least one data acquisition 

18 cartridge ; . and 
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19 

20 a portable monitor, detachably coupled to the 

21 plurality of data acquisition modules, for receiving the 

22 ' r patient data provided at the output port of the data 

23 acquisition modules and for storing the data, the 

24 : portable monitor being detachably coupled to the docking 

25 station, the portable monitor comprising: 

' il " -•- • ; ■* ^ (a) means for receiving power from the docking 
■ 28 * r station,- and 

: si. - 2 9 ' ' ' >-*> ' - — • : " " ■ 

30 (b) means for transmitting the patient 

31 data to the remote display device by way of the 

32 * • ij. .. docking station; arid 

33' ' -■"'< > v .* ' •• •• ' " '•• 

34 . ' *--••' . means for detachably mounting the data 

35 acquisition cartridge to the portable monitor. 
36 

l r . ^ . 26. Apparatus in accordance with claim 25, in 

2 which each of the plurality of data acquisition modules 

* -\ 3 . _ -l comprises 1 : " ■'• A ■ ■ 

" : '4 : - • - - * ■ • ' • ■ 

5 j ; tr - means * for* receiving signals representing analog 

6 patient physiological conditions from the plurality of 

7 sensors ; 

f means for combining the plurality of analog 

10 patient physiological condition signals to form a 

11 combined signal ; and 

13 . means for receiving the combined signal and for 

14 1 : generating therefrom a time division multiplexed digital 

15 -7 'data signal. 

' _ ib . : ■ ' >• 



BNSDOCID: <WO 9413198A1_I_> 



WO 94/13198 PCT/US93/11712 



1/8 



FIG. 1A 



120 



'BEDSIDE 
DISPLAY 




10" MONO LCD 



124 



TV, 

T 



MICRO LAN 
M-p^ VGA' VIDEO 
>>— POWER;. 
P-.TV VIDEO 
. .112 
' 114 
' 116 




140 



MICRO LAN 
DEVICE LAN f— 
POWER 
TV VIDEO 
MVP (8) 

ANALOG OUT (4) f» 
ALARM OUT 



102, 



DOCKING STATION 



125- 



164 



RECORDER 



I ! ! K-1Z7 170 



RAM 
CARD 


y-106 




_^-104 




DISPLAY 





130 

-110 

172 
MVP (2) 

ANALOG OUT (2) 
DEFIB SYNC 

5^ 7 < 



^--129 



162 



1P1 



ETC0 2 ' 
CARTRIDGE 



BATTERY 



166 



J 



NIBP 
CARTRIDGE 





, f— ,-158 

i diagnostic! P0D i-'' 

EKG ! ; 
T fCONATAL i 

: EKG : 



SUBSTITUTE SHEET (RULE 26) 

BNSDOCID: <WO 9413198A1_L> 



WO 94/13198 



PCT/US93/11712 



CCQ 



3/8 



10 
cu 



zncr 
cu I — 



cr o 



CO 
CO 

cu 



CO CO 



QcE. 



CO 

cd 

OJ 



cu ; 

T —IT) - 





CD 


CD 


CO 


3E ^ 

■** 


X 


cr ro 


LCJ ' 




CU 



: CO 
CD- 
CU 



cr 

CD 







cu 






CO 


o 
cr 


en 


X 


o_ 


OJ 




Li- 


LD 



cu r 

-co : 
cu 



1 JCU 

cn.ro 



cr ld 



V 



CD 
M 



CU 

cu 



CD CD 

LO CO 

CU CU 

,) S 



: cu 
. cu 



L. 



CU 

cu 



cu 



LD 
CO 

cu 



CO 

cu 



tin 
cu 



; co 
. to 
cu 



•UUCJ 



* o_ en 

1=5 CU 

cr r 

• cr ea 





cu 


cr 


! U-J 




CO 


» — 





CO 

cu 



CO 
OJ 



CO CD CD 
3CCLU 



7 



- CO 

: cu 



7 



BNSDOC1D: <WO 941319SA1_I_3 



SUBSTITUTE SHEET (RULE 26) 



WO 94/13198 



4/8 



PCT/US93/11712 




SUBSTITUTE SHEET (RULE 26) 

BNSDOCID: <WO 94131&8A1 I > 




BNSDOCIO <WO 94131 B8A1_I_> 



SUBSTITUTE SHEET (RULE 26) 



WO 94/13198 



PCT/US93/11712 




BNSOOCtD: <WO 9413198A1 I > 



SUBSTITUTE SHEET (RULE 26) 



WO 94/13198 



PCT/US93/11712 




WO 94/13198 



PCT/US93/11712 




BNSDOCID: <WO 9413198A1 I > 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT i— 



L .auonal Application No 

PCT/US 93/11712 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 5 .A61B5/00 A61B5/0404 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system. followed by classification symbols) 

IPC 5 A61B 



Documentation searched other than mifw^irn documentation to the extent mat such documents are included in the fields searched 



Electronic data base consulted during the international search (name or data base and. where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with abdication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 


US,A,4 715 385 (M.J. CUDAHY ET AL.) 29 [ 


1-4,9, 




December 1987 ! 


11,14,17 




cited in the application 




X 


see column 1, line 49 - column 3, line 40 


20,21,26 


X 


EP,A,0 488 410 (TERUMO K.K.) 3 June 1992. 


1,3,4,11 


X 


see column 4, line 51 - column 6, line 26 


12,14 


X 


see column 7, line 56 - column 9, line 22 


22-25 


X 


W0,A,89 00024 (MICROMEDICAt INDUSTRIES 1 


1-5,7,9, 




PTY, LTD.) 12 January 1989 


11 


X 


see page 3, line 33 - page 6, line 21 


17-21,25 




see page 8, line 26 - page 9, line 38 




X 


EP.A.O 346 685 (SHARP K.K.) 20 December : 


1.2,4 




1989 




X 


see column 4, line 48 - column 7, line 39 


22,24 




-/" 





m 



Further documents arc listed in the continuation of box C 



m 



Patent family member s arc listed in annex. 



* Special categories of cited documents : 

*A* document defining the general sulc of the art which is not 

considered to be of particular relevance 
*E" earlier document but published on or after the international 

filing date 

"L* document which may throw doubts on priority dsimfs) or 
which is cited to establish (he publication date of another 
citation or other special reason (as specified) 

'O* document referring to an oral disclosure* use* exhibition or 

"P* document published prior to the international filing date but 
later than the priority date churned 



T* later document published after the international filing date 
< or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 



*X* document of particular relevance; the claimed invention 
. cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 
*Y* document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
■ document is comtinrd with one or more other such doco- 
mcntSt such cfrmfr in * tfftf| being obvious to a person skilled 
in me art. 

'&* document member of the same patent family 



Date of the actual completion of the international search 

14 April 1994 


Date of r^raling of the international search report 

It. 05.94 


Name and mailing address of the ISA 

European Patent Office, P3. 5S1S Patenflaan 2 
NL - 2280 HV Rijswijk 
Td. (+3170) 340-2040. Tit 31 631 cpo eft. 
Foe (+31-70) 340-3016 


Authorized officer 

Rieb, K.O. 



Form PCT/ISA/211 (ttxond cb«t) (July 1992) 



BNSOOCID: <WO 94131 98A1_I_> 



INTERNATIONAL SEARCH REPORT 



L .griffin 1 Application No 

PCT/US 93/11712 



C-( Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No, 



FR.A.2 145 020 (J.E.N. RICHALET) 16 
February 1973 

see page 2, line 5 - page 6, line 31 

DE.U.71 45 754 (FRITZ HELLIGE & CO., 
G.M.B.H.) 10 May 1972 
see the whole document 



1,7-11 

15-21,26 

1,3.13 



Fcnn PCT/1SA/310 (conUfnatftm of second chart) fluty 1991) 



9413198A1 I > 



INTERNATIONAL SEARCH REPORT 

Information on patent family roembcn 



L dti^M Applicxtion No 

PCT/US 93/11712 



Patent document .. 


Publicalion 


Patent family 


Publication 




. .cited in search report 


date 


member(s) 


date 




US-A-47 15385 


29-12-87 


DE-D- 


3788 lol 


23-12-93 


• 






DE-T- 


3788181 


1U UJ 7*r 








EP-A- 


0261927 


30-03-88 








in l 

JP-A- 




22-04-88 








US-A- 


' J AAC 1^1 

4895161 


Ul 




EP-A-0488410 


03-06-92 


JP-A- 


5007560 


19-01-93 








US-A- 


5284151 


08-02-94 




WO-A-8900024 


io Ai on 

r 12-01-89 


AU-A- 


1993288 


JU Ui o* 








JP-T- 


3502893 


04-07-91 




EP-A-0346685 


aa i o on 

Z0-1Z-89 


. JP-A- 


1303127 


U/ It Oil 








JP-A- 


1303128 


07-12-89 








JP-A- 


1303129 


07-12-89 








US-A- 


5002062 


26-03-91 




FR-A-2145020 


16-02-73 


1 DE-A- 


2232875 


18-01-73 






*. - 


GB-A- 


1391948 


23-04-75 




DE-U-7 145754 


10-05-72 


N0NE 









Form FCT/ISA/210 (ptttnt taotty una) (July ltSO) 



BNSDOCID: <WO 94131 98A1_I_> 



